Amphetamine-induced behavioral activation is associated with variable changes in basal ganglia output neurons recorded from awake, behaving rats.
Systemic or intra-striatal administration of d-amphetamine (AMPH) elicits a dose-dependent pattern of behavioral activation and neuronal firing in the striatum. To determine if the AMPH-induced striatal firing pattern is expressed in the substantia nigra pars reticulata (SNr), a main target of striatal efferents and the primary output nucleus of the basal ganglia, we recorded the activity of 214 SNr units in alert, behaving rats responding to either systemic (1.0 or 5.0 mg/kg, sc) or intra-striatal (20 microg/microl/min) AMPH. Both routes of administration increased behavior but the strongest effects occurred after systemic injection. A dose of 1.0 mg/kg progressively increased locomotion, head movements, and sniffing, whereas after 5.0 mg/kg behavioral responding became progressively more focused and stereotyped. The collective response of SNr neurons was a net increase in firing rate that was most apparent after the low systemic dose and intra-striatal infusion. Further analysis revealed significant unit populations that were either excited, inhibited or showed no change. Although excitations predominated over inhibitions in all cases, a sizable population of units was unresponsive: approximately 25% to systemic AMPH and almost half to intra-striatal infusion. Subsequent injection of haloperidol (0.5 or 1.0 mg/kg, sc), a dopamine receptor antagonist, reversed both the behavioral and electrophysiological effects of AMPH. Thus, as in striatum, dopamine appears to play a critical role in AMPH-induced changes in SNr activity. Interestingly, however, SNr activity did not closely parallel the striatal response, suggesting that patterns of neuronal responding to AMPH in striatum are not reliably relayed to SNr.